from those in mammals and plants 4, 5 . Sphingoid bases originated from plants primarily contain d18:1, d18:2, and 4-hydroxy-8-sphingenine t18:1 as sphingoid bases. The most common sphingoid base of mammalian sphingolipids, attached to a branched 2-OH or non-hydroxy alkyl with 16-24 carbon atoms commonly, is d18:1 sphingosine 4-sphingenine , smaller amounts of others, such as sphinganine dihydrosphingosine, d18:0 and phytosphingosine 4-hydroxysphinganine, t18:0 are frequently present 8, 9 . In addition, sphingolipids of marine invertebrates have unique triene types of sphingoid bases with a conjugated diene such as 2-amino-4, 8, 10-octatriene-1, 3-diol d18:3 and 2-amino-9-methyl-4, 8, 10-octatriene-1, 3-diol d19:3 4 .
Recent studies have indicated that the cerebrosides compounds have antitumor 10, 11 , immunomodulatory 12 , antibacterial 13 , and cytotoxic activities 2 . Oku et al. reported that the glucosylceramide specifically suppressed the growth of cancer cells by inhibiting cell renewal capacity rather than induction of apoptosis 11 ; cerebrosides extracted from a marine sponge Agelas mauritianus had remarkable antitumor efficacy mainly affected by the configuration of hexose connected with ceramides, accordingly cytotoxic activity of α-glucosylceramide structures were nearly 20-fold than that of β-counterpart 14 . Cerebrosides activities as well as metabolic were closely linked to stereo structure of glycosidic linkage, the length of alkyl chain, molecular descriptors, and position and number of hydroxy and double bond 15, 16 . The uptake of sphingosine was significantly higher at physiological temperatures than those of cis/trans-8-sphingenine, trans-4, cis/trans-8-sphingadienine, 9-methyl-trans-4, trans-8-sphingadienine, or sphinganine in Caco-2 cells, which were used as a model of intestinal epithelial cells 16 .
Analysis of cerebrosides from biological samples have generally depended upon the isolation of alkali-stable glycolipids from lipid extracts followed by protection, derivatization, and quantitation of fatty acyl amide derivatives by gas chromatography or with coupling to mass spectrometry GC-MS . However, validation of the isolated targeted lipids by using multiple instruments is the most reliable evidence, but this time-intensive process is a major bottleneck in the characterization and identification of lipid structure. The detailed investigation of the lipidome in a highthroughput manner has become generally possible by advances in mass spectrometric particularly in their sensitivity and specificity 17, 18 . Recently, many advanced analytical techniques, including high resolution quality analysis, soft ionization technique, and tandem mass spectrometry have been used to analyze glycosphingolipid structures after pretreatment of total lipids from biological samples. Triple quadrupole QQQ was mainly used for quantitative analysis, but having limitations in qualitative analysis; Ion-traptime-of-flight IT-TOF have relatively low sensitivity 19, 20 .
The most commonly used high-resolution mass spectrometers in fragmented studies of sphingolipids include TOF. The operation of TOF mass analyzers is based on the principal that ions of different m/z values, when accelerated by the same kinetic energy, possess different velocities after acceleration out of the ion source into the field-free flight tube. The time for ions to travel through the flight tube is proportional to the square root of their m/z values. Thus, measuring the time taken for each ion to reach the detector allows the determination of its m/z value. The employment of reflecting ion mirrors or reflections reduces the kinetic energy spread among ions accelerators, therefore it significantly improves the mass resolving power. Modern TOF instruments provide requisite resolution, and expanded dynamic ranges 21, 22 . Assigning a molecular structure to a given lipid specie based only on its precursor and product masses is not always feasible, because a given mass can often be assigned to two or more biological relevant structures. In fact, both quantitative data and qualitative data can now be acquired simultaneously using Q-TOF-MS. Incorporating a LC step prior to Q-TOF analysis improves sensitivity by removing interfering ions, separating out different lipid components in the sample extract, and concentrating each lipid species into a narrow elution time window. In theory, the incorporation of an LC column prior to Q-TOF can also provide biochemical information that helps to definitively assign a structure to a given precursor and product mass. The result allows us to characterize comprehensive cerebrosides molecular species without dependence on authentic compounds and isolation of the individual species. Sea cucumber is a valuable tonic sea food, which is rich in a variety of biological active ingredients with high nutritional value and medicinal value. The sea cucumber P. graeffei is a genus of sea cucumbers in the family Holothuria, majorly distributing in the tropical Indo-Pacific Ocean type locality is Viti Island, Fiji , which is low-value edible sea cucumber. It is rich in many kinds of bioactive substances, such as saponin, polysaccharide, collagen-polypeptide 23 . Our previous finding indicated that the saponins from the sea cucumber P. graeffei have marked anti-cancer activity in Hep G2 cells, by blocking cell-cycle progression and including apoptosis through the mitochondrial pathway 24 . Cerebrosides are important components of lipids derived from sea cucumbers. The cerebrosides components of the sea cucumber P. graeffei have not been investigated yet. Determination of their diverse structures, including the type of sphingoid backbone present, was critical for understanding the functional and nutritional significance of cerebrosides and provided the basis for high-value utilization of the sea cucumber P. graeffei. Thus, the objective of the study was to identify the cerebrosides molecular species from the sea cucumber P. graeffei by LC-Q-TOF-MS.
EXPERIMENTAL PROCEDURES

Materials
Dried sea cucumber P. graeffei was purchased from Nanshan marketing Shandong Province, China , the specimen was identified by Professor Liao Yulin from the Chinese Academy of Science Institute of Oceanography Qingdao, China and stored at 40 before use. All solvents used for sample extraction were of reagent grade, and those for chromatography and MS experiments were purchased from Merck Darmstadt, Germany and were gradient grade. Silica Gel 60 F-254 plates were obtained from Merck Darmstadt, Germany . Water for LC-Q-TOF-MS analysis was purified by a Milli-Q Elix-5 system Millipore, Bedford, MA .
Sample preparation
Briefly, the sea cucumber body walls were minced and homogenized. The total lipids from the dried sea cucumber powder approximately 0.1 g were extracted five times with 5 mL of CHCl 3 /MeOH 2:1, all by volume along with shaking 5 min and then extracting 30 min in ultrasound. The combined extracts were evaporated under a stream of nitrogen. The dried samples were saponified in 200 μL 4 M KOH in 1 mL MeOH at 37 for 1 h. After the saponification, 0.8 mL distilled water and 2 mL of CHCl 3 was added. The upper layer was discarded, and this procedure was repeated three times. The cerebroside-containing fractions were evaporated under a N 2 stream. After concentration, the dried crude cerebrosides were purified by silica gel solid-phase extraction 3 mL with gradient elution of solvent CHCl 3 /MeOH 100:0 to 90:10, all by volume to collect respectively. The eluents were monitored by thin layer chromatography on Silica Gel 60 F-254 plates, spots being developed with 10 sulfuric acid in ethanol. The eluent containing cerebrosides were collected and dried under N 2 gas and then resuspended in 500 μL MeOH for LC-Q-TOF-MS analysis.
LC-Q-TOF-MS analysis of cerebrosides from the sea
cucumber P. graeffei A prominence LC system coupled to Q-TOF with an electrospray ionization interface was used. For structure analysis of cerebrosides, M H in positive scan mode was used for MS/MS analysis to obtain the product ions. An Agilent Plus C18 column 100 mm 2.1 mm, i.d. 3.5 μm, Agilent Technologies was eluted with 95 aqueous solutions of methanol mixed with 5 mM ammonium acetate and 0.05 acetic acid at flow rate of 0.2 mL/min. The column temperature was maintained at 30 and injection volume is 5 μL. ESI tandem mass spectrometric analyses with a Q-TOF instrument were performed on an Agilent G6540 Q-TOF Agilent Technologies, Santa Clara, CA, USA equipped with an electrospray ion source. The MS was operated with the following conditions: dry gas flow of 5 L/ min; with temperature at 280 ; the ion spray voltage of the capillary pressure of 3.5 kV; spray pressure of 2. 1 10 5 Pa; sheath gas flow of 11 L/min; with temperature at 280 ; nozzle voltage of 500 V; decomposition voltage of 135 V; nebulizer gas flow of 5 L/min; ion accumulation time of 100 ms dwell time; mass spectrometry was conducted in the full scan and automatic multiple stage fragmentation scan modes over a range of m/z 700 to 900 for MS and m/z 100 to 900 for MS2 scan; five transitions/analysis; collision voltage of 25 eV.
For structural analysis of cerebrosides, M H in ESI positive mode was used for MS/MS analysis to obtain the product ions. The typical signals which were characteristic for the sphingoid base moieties were observed by auto MS/ MS detection mode in this system. Pairs of these precursor ions and product ions were used for the identification of cerebrosides molecules.
RESULTS AND DISCUSSION
Molecules of cerebrosides were separated and identified on the basis of both mass and hydrophobicity. Figure 1 shows total ion chromatogram TIC and neutral loss chromatogram NLC of 180 Da mass extraction window was set at 0.2 . The shape of peaks was nearly the same both in TIC and NLC. Similar profiles of chromatogram indicated that highly purified cerebrosides could be obtained from sample pretreatment. Cerebrosides molecules were selected by identifying overlapping peaks with signal to noise ratio S/N 10 .
The transition of precursor ions M H to the product ions of the sphingoid bases was used for the identification of cerebrosides molecular species Fig. 2 . We examined tandem mass spectra of cerebrosides molecular species of d19:3-C22:0, d17:1-C22:0h and t20:0-C18:0. The results demonstrated diagnostic fragmentation patterns containing similar spectral features corresponding to each species. For example, the spectra of these species displayed three informative fragment ions which were indicative of the presence of Cer, FA, and LCB, respectively. Structural characterization of 89 molecular species of cerebrosides from the sea cucumber P. graeffei were determined by pairs of specific products of sphingoid bases and their precursor ions Table 1 , d17:1-C22:0 3.96 and d17:1-C23:0 3.90 present in cerebrosides from the sea cucumber P. graeffei, which have hardly found in common mammal, whereas the molecular species of mammalian contained d18:1-C24:1, d18:1-C24:0, d18:1-C24:0h and d18:1-C24:1h as the major species 25, 26 . The prodominant LCB of potato and sweet potato cerebrosides was d18:2 which represented 80-85 of the LCB of all detected cerebrosides, and the fatty acid of cerebrosides isolated from potatoes and also from sweet potatoes was dominated by 2-hydroxypalmitic acid C16:0h 27 .
In the case of cerebrosides with m/z 786.6390, its extracted ion chromatogram EIC was depicted in Fig. 3 , there were two peaks, peak 1 represented cerebrosides consisting of d17:1 acylated to C22:0h, and peak 2 referred to the former isomer d16:1-C23:0h . In reverse-phase chromatography of lipids with the same headgroup, difference in mass cofferred by different acyl chain lengths had large impact on retention time RT .
Totally, thirteen LCBs from the sea cucumber P. graeffei were analyzed with the majority of that as d17:1 37.88 , d18:1 21.52 , d18:2 11.44 , d18:3 6.08 , t17:0 6.37 Fig. 4A . d17:1, a typical predominant sphingoid base in sea cucumber cerebrosides, was not widely found in plants, mammals, or fungi. In contrast, d18:1 was predominant LCB in mammal, together with a relatively small proportion of d18:0 and t18:0. Our previous study indicated that three kinds of major LCBs of sea cucumber cerebrosides d17:1, d18:2, t17:1 derived from the sea cucumbers Apostichopus japonicus, Cucumaria frondosa and Acaudina molpadioides, respectively 28 . Sugawara et al.
found d17:1, d18:1, d18:2 and d18:3, d19:1, d19:2 as well as d19:3 in the sea cucumber Stichopus variegates 15 . Our finding manifested that the metabolic fate of plant-derived LCBs, such as d18:2 within enterocytes differ from that of d18:1. Sphingoid bases, except for d18:1, appeared to be transported out of cells across the apical membranes of enterocutes by P-glycoprotein after absorption, and consequently, their intestinal uptake is quite poor. Compared to those sea cucumbers mentioned above, with the presence of rarely LCB t17:0 , the sea cucumber P. graeffei had more abundant classes of LCBs, in which the ratio of phytosphingosine and sphingosine was approximately 1:9 Fig.  4B . Sphingolipids of sea cucumber might serve as bioactive dietary components to suppress colon cancer, and that the apoptotic effect of sphingosine on cancer cells was related to the numbers of double bonds, the chain length and the amount of hydroxy 29 . Thus, the determination of sphingolipid structures, including variations in the sphingoid backbone, from dietary sources is important in understanding the functional and nutritional significance of these components. It should be mentioned that aliphatic chains of cerebrosides from the sea cucumber P. graeffei with 18 24 carbon atoms accounted for a greater proportion, including SFA and MUFA, as well as HFA and NFA. FAs with 24 carbon atoms 45.91 had the highest proportion of them Fig. 5A , HFA contributed to roughly 61.23 , and NFA comprised approximately 38.77 of the total aliphatic acid present in cerebrosides from the sea cucumber P. graeffei Fig. 5B . Meanwhile, the fatty acids composition was characterized by the predominance of MUFA in all lipid classes with 63.69 Fig. 5C . In summary, the NFA/HFA ratio and SFA/MUFA ratio were both about 2:3. FAs contained in cerebrosides from the sea cucumber P. graeffei had similar length and degree of hydroxylation with that of common mammal, but had an obvious increase in the degree of unsaturation compared to the latter. Chaurio et al. found the chain length and the unsaturation degree of FAs in the membrane had an important effect on the fluidity 30 . Peroxisome proliferator activated receptors played an important role in the storage of lipids in adipose tissue and were only activated by long-chain unsaturated fatty acids 31 . More importantly, a diet with relatively high in unsaturated fatty acids, especially polyunsaturated fatty acids, might reduce the risk of heart attacks and strokes 32 .
Recent studies have shown that both HFAs as well as longchain fatty acids are essential for maintaining the patterns and function of myelin of central nervous system 33 .
Quantitation of cerebrosides molecular species, conducted by triple quadrupole equipped with two-dimensional electrospray ionization, couldn t obtain comprehensive information of secondary fragments, because of insensitive the secondary ion scanning mode of QQQ, which was poor at auto-MS/MS mode, consequently along with complex operations and tough analysis 19 . Leila et al. presented a new method that improves the combined use of LC and MS to create a 2D analysis of sphingolipids, and described regarding changes in the sphingolipids contents in the brains of AD patients 34 . Whereas this approach was only suited for mammal with relatively simple classes of cerebroside molecules, weak in characterizing sea cucumber cerebrosides which have diverse and complex classes of cerebroside compounds. Cerebrosides from three specimens of edible sea cucumbers, Acaudina molpadioides, Cucumaria frondosa, and Apostichopus japonicas, were identified using liquid chromatography-ion trap-time-offlight mass spectrometry LC-IT-TOF-MS by Xu et al. 28 .
On account of correspondingly low sensitivity of ion trap, the mass distribution was from m/z 200 to m/z 300 for the MS 2 scan to get precise dates, responsible for loss of other fragments information. LC-Q-TOF-MS can detect all detectable chromatographic peaks at acquisition, and all peaks can be characterized by retention time, precursor ion, and product ions 35, 36 . Q-TOF instruments with high date acquisition rates, excellent mass accuracy ≤ 5 ppm and high resolving power ≥ 30000 could provide more generic workflows. Such an improvement could pay real dividends for high-throughput workflows, especially in sphingolipids analyses where quantitation and qualification studies could actually be merged. The sensitive LC-Q-TOF-MS analytical system, combined with the MS 2 method of fragmentation data collection, allows a rapid investigation of complicated structures of cerebroside molecules in sea cucumber.
CONCLUSION
A new method was established to be applied for high throughput analysis of cerebrosides from the sea cucumber P. graeffei by LC-Q-TOF-MS with high date acquisition rates, excellent mass accuracy and high resolving power. Moreover, the approach offered a great way to analyze cerebrosides monomeric compound with notably different and new structure, and laid a solid foundation for deep research in structure-activity relationship. Herein, we utilized this technique to characterize 89 cerebrosides molecular species. Thirteen LCBs from the sea cucumber P. graeffei were analyzed with predominant sphingoid bases of d17:1 and d18:1. And the ratio of phytosphingosines and sphingosines was roughly 1:9. Collectively, the NFA/HFA ratio and SFA/MUFA ratio were both about 2:3. Therefore, it should have a wide range of applications in nutrition assessment as well as bioactivity study of P. graeffei. Collectively, this study is significant for discovering new sources of marine natural products and detecting novel effects of sea cucumbers. More importantly, these results would provide the basis for high-value utilization of sea cucumbers to promote the development of sea cucumber industry.
